NACA TN 3884 878‘31-

E)

Parmry + ppoyf

NATIONAL ADVISORY COMMITTEE

FOR AERONAUTICS

TECHNICAL NOTE 3884

IGNITION DELAYS AND FLUID PROPERTIES OF SEVERAL FUELS

AND NITRIC ACID OXIDANTS IN TEMPERATURE RANGE

FROM 70° TO -105° F

By Riley O. Miller

Liewis Flight Propulsion Laboratory

Cleveland, Ohio

Washington
December 1956

96049 Ul“[i| “m“”
NN ‘gAY AHVHEIT HO3L

TEC

AFWTT



s =

CM-1

TECH LIBRARY KAFB, NM

A

NATTONAL ADVISORY COMMITTEE FOR AERONAUT.__
TECHNICAL NOTE 3884

IGNITION DELAYS AND FLUID PROPERTIES OF SEVERAL FUELS AND NITRIC
ACID OXTDANTS IN TEMPERATURE RANGE FROM 70° TO -105° ¥l

By Riley 0. Miller

SUMMARY

Ignition-delay characteristics of approximately 90 fuel-oxidant com-
binations were determined in & modified open-cup apparatus at -40° F,
Combinations considered worthy of further study were investigated at tem-
peratures in the range from 70° to -105° F. Freezing temperatures of
acids were determined as well as viscosities of several fuels at moderate
and low temperatures.

At -40° P, several blends of asromatic amines with triethylamine show
promise as ignitor fuels with mixed acid (nitric acid plus sulfuric acid)
end red fuming nitric acid, and some of these fuels may be useful also
with white fuming nitric acid.

Several blends of aromatic amines in triethylemine were found to be
fluid at -105° F, and red fuming nitric acid containing approximately 3
percent water and 19 percent nitrogen tetroxide was found to freeze at
approximately -87° F. With this acid, 30 percent by volume blends of
o-toluidine, aniline, and xylidines, respectively, in triethylamine showed
desirable ignition chsracteristics at -76° F, specified maximm freezing
temperature for military aviation fuels. With this red fuming nitric acid
supercooled to -105° F, 30 percent by volume o-toluidine in triethylamine
showed the most consistent ignitibility.

INTRODUCTION
Fully extended tactical applications of rocket powerplents require

fuel-oxidant cambinations that are fluld and self-lgniting at very low
temperature. A primary use for these fuel-oxidant cambinations will

lSu.persed.es NACA Research Memorandum E51J11, "Ignition-Delay Char-
acteristics in Modified Open-Cup Apparstus of Several Fuels with Nitric
Acid Oxidents within Temperature Range 70° to -105° F", by Riley O.
Miller, 1951.
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be in booster rockets for aircraft flying at high altltudes because re-

peated starts will be required and each start must be quick and reliable.
Reliable low-tempersture starts will be required also of gir~to-air and __

air-to-surface rocket missiles, and rockets used under artic conditions.

For economic and logistic reasons, nitric acid oxidents are favored
for rocket applications in which propellants are to be stored several
months. Mixed acid (nitric acid plus sulfuric acid), red fuming nitric
acid (nitric acid plus nitrogen tetroxide), and white fuming nitric acid
have been used for this purpose. BEarller investigetions at the Lewis
laboratory (refs. 1 and 2) and elsewhere have shown that several fuels
will ignite with mixed acid at temperatures of -40° F and lower. Mixed
acid, however, has the disadvantage of possible sludge formation during
storage; other types of nitric acid may therefore be preferred. The
early experim.en.ts6 however, showed that certain fuels which ignite with
mixed acid at -40° F do not ignite satisfactorlly with other acids at
this temperature. A further investigation of ignitor fuels for use with
geveral types of aclid at -40° F was therefore in order.

The tempersture -40° F has been used by several investigators as &
standard low temperature for ignition-delsy experiments and may be low
enough as & minimum starting temperature for certein rocket appllications.
Lower temperatures, however, have been specified for military aircraft
fuels and equipment. The freezing temperature for several military Jjet-
propulsion fuels is currently specified in references 3 and 4 to be not
higher than -76° F (-60° C), and a minimum design temperature of -103° F
(-75° C) is recommended in reference 5 because of very low temperatures
occurring at high altitude in tropical regions. A need for investlgation
of fluild properties and ignition charatteristics of fuel-oxldant combina-
tions at temperatures at least as low as -76° F was sgpparent.

The investigation, described herein, was conducted at the NACA Iewis
leboratory in 1951 to select (a) fuels that are fluid at low temperatures
and will ignite at -40° F with mixed, red fuming, and white fuming nitric
acids; and (b) a nitric acld oxidant that has a final freezing tempera-
ture that is lower than -76° F and will ignite several low viscosity
fuels at -76° F and lower. Fuels were investigated with a view toward
their utility either as rocket propellents or as lgnitor fluids to ini-
tiate combustion of hydrocarbon fuels with an acid oxidant which could
be used as & propellant in either case.

The viscosities of 24 fuels, the approximate freezing temperatures
of 16 acids, and the ignition-delay characteristics for 93 fuel-oxidant
combinations are presented herein. Ignition-delasy data were obtained in
a modified open-cup apparstus similar to that described in reference 2
except that improved instrumentation was incorporated.
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OXIDANTS AND FUELS
Oxidants

Several mixed, red fuming, and white fuming nitric acids were
investigated. The approximate freezing temperatures, compositions, and
histories of these oxidant acids are presented in table I.

A code system is used herein to designate the several acids. The
letters of the code symbol indicate the type of acid, that is: MA,
mixed acid; RKFNA, red fumlng nitric acid; WFNA, white fuming nitric
acid. The first number in the symbol always indicates the approximate
percentage of water and the second number (when used) indicates the
approximate percentage of either sulfuric acid in mixed acid or nitrogen
tetroxide in red fuming nitric acid. Thus the symbol MA-2-17 designates
a mixed acid with 2 percent water and 17 percent by welght sulfuric
acld; RFNA-3-19, a red fuming nitric acid with spproximately 3 percent
water and 19 percent nitrogen tetroxide; and WFNA-7, a white fuming
nitric acid with 7 percent water. Several special white fuming nitric
acids containing other additives were also used. For these acids, the
percentage of additive, indicated by a number, and the chemical symbol
of the additive are glven in parentheses following the basic symbol;
thus, WFNA-8(6-KNOz) is a white fuming nitric acid containing 8 percent
water and 6 percent potassium nitrate. Three lots of red fuming nitric
acid containing 2.2 to 3.0 percent water were designeted RFNA-3-19 and
the lot is Indicated in several instances as lot a, b, or c, respec-
tively.

Fuels

In most of this investigation fuels were used that were blends of
aromatic amines in triethylamine. Datae were also obtained using blended
or unblended furan compounds, mercaptans, various unsaturated campounds,
and hydrazine hydrate. The purpose of blending was (a) to produce
fuels which were more fluid than the active component alone; and {b) to
investigate further the possibility of producing blends wilth desirable
ignition characteristics, Inasmuch as certain blended fuels have been
shown to lgnite more satisfactorily than the parent constituents
(refs. 2 and 6).

The Shell Development Company supplled the following compounds:
allyl glycidyl ether, 2-methylpentadiene, 2,2,4,6-tetramethyldihydro-
pyridine, 3-mercapto-l-propanol; they also furnished physical-chemical
data. The mixed butyl mercaptans and N,N-diallylaniline were supplied
by the California Research Corporation through an arrangement with the
Bureau of Aerconsutics, Department of the Navy.
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PROCEDURE AND APPARATUS

The experimental work may be divided into two phases, (a) measure-
ment of physical and chemical properties of propellants, and (b) meas-
urement of ignition delays of fuel-oxidant combinations.

Measurement of Physical and Chemical Properties,

Analysls of aclds. - Red fuming, white fuming, and anhydrous nitrie
aclds were analyzed according to the method of reference 7. Sulfuric
acid in mixed acid was determined as barium sulfate. The compositions
of several acids were calculated from the quentities of materisl added
to the acid and notation has been made.in such cases (see table I).

Freezing temperatures of acids. - Approximate freezing temperatures
of acids were cobtained by first freezing 20 milliliters of the acid in
g thick walled 1~ by 8-inch test tube, and then slowly warming the acid
and noting the temperature at-which cloudiness diseppeared. A total-
immersion toluene thermometer was used to measure temperatures and was
calibrated under the conditions of the experiment with g standsrd iron-
constantan thermocouple.

Viscosities of fuels. - Viscosities of fuels were obtalned by a
modified Ostwald viscosimeter according to the method of reference 8.
Viscosities for.most of the fuels were determined at -40° F and viscosi-
ties for seversl fuels showing desirsble ignition characteristics were ~
also determined at 77° F and at temperatures between -103° and -113° F.

Meagurement of Ignition Delay

Apparatus and method. - Except for improvements in instrumentation,
the spparatus, which is shown in figure 1, i1s the same as that described
in reference 2. The function of the apparatus was to bring the fuel
and oxidant into contact with each other at a desired initial tempera-
ture and to measure the time interval between the start of mutual con-
tact and the first sppearance of flame. This time Interval was defined
as the igmition-delsy intervel. One milliliter of the fuel was con-
tained in a small pyrex glass ampule submerged In 3 mllliliters of the
acld oxidant in a 1l- by 8-inch pyrex ignition-type test tube. Both the
fuel and oxidant were cooled to a desired temperature by submersing the
test tube in a constant-tempersture methanol beth contained in a clear-
glass Dewar cylinder. The fuel ampule was broken by a stainless-~steel
rod thaet was struck by a falling weight. High-speed motion pictures
(ref. 2) show that the ampule is broken and the fuel and oxidant con-
tact each other within an interval of less than 2 milliseconds. The
extent of mixing probably varies somewhat as a result of individual
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differences in ampules and viscosities of propellants. The insulated
welght closed an electric circuit which provided & starting signal for
the timing instruments at the moment the ampule was broken.

Two types of instrument actuated by light emission were used
simultanecusly to measure the delay interval. Instantaneocus indica-
tilons were cobtained from an electronic timer started through a thyratron
relay circult triggered by the starting signal and stopped by an ampli-
fied signal caused by light from the test tube striking a photocell.
Continuous records of light emission against time were also obtained by
means of a camera oscillograph. The recorded signel was a 2000-cycle-
per-second carrier wave modulated by the ocutput of a photocell., The
start of the ignition-delay interval on the oscillograph record was
indiceated by a signal from an argon bulb near the photocell which was
shorted out by a thyratron when the falling weight made electric con-
tact with the rod. Another channel on the oscillograph was used to
record the amplified. output of a microphone which was about 1 foot from
the apparatus; an indication of pressure fluctuations during the reaction
of the propellants was thus obtained simultaeneocusly with the light
emission record.

Unless otherwise noted, the ignition data reported herein were
obtained from the oscillograph records. The electronic counter was used
to monitor and check the results, and the microphone record also served
as an suxiliery indication of the start of the ignition-delsy interval
and a secondary check on the start of ignition.

Interpretation of records. - Illustrative exemples of the oscillo-
graph records from a series of experiments glving good reproducibility
and a series giving wide variations are shown in figures 2 and 3,
respectively. In figures 2{(a) and 2(b) are shown light-emission and
sound records, respectively, from four experiments with 30 percent
aniline plus 70 percent triethylamine and a red fuming nitric acid at
-76° F. The vertical bars are timing marks, 10 milliseconds apart.

The light-emission-record number 1 (fig. 2(a)), for example, is inter-
preted as follows: The width of the carrier signal represents the
intensity of light striking the photocell. The start of the ignition-
delay interval is indicated at A by the sharp decay of the signal due
to the extinguishing of the argon pilot 1llght by the weight striking the
rod. At B (25 millisec) the first of several short rapid flashes
occurred but continuous fleme did not start until C (37 millisec).

In the intervaels D to E and F to G the photocell was saturated
with strong light. The saturated intervels are ldentified by the
carrier signal being less than the ground level as in the interval
between A and B. The records of experiments 2 and 4 were obtained
with a different photoelectric pickup than those of experiments 1 and 3
and the quality of the signal was less satisfactory. The irregular
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fluctuations during the first parts of records from experiments 2 and 4
(fig. 2(a)) were attributed to microphonic pickup and were not defined
as flashes. Flashes were indicated by very sharp short disturbances of
the signal.

The sound records cbtained simultaneously are shown in figure 2(v).
The validity of the stert signal A of experiment 1 (fig. 2(a)) is con-
firmed by the sound record (experiment 1, fig. 2(b)), which starts to
become fuzzy (indicating noise) at the same instant A within an inter-
val of the order of 1 millisecond. At 'C (fig. 2(b)), 37 milliseconds
from the start of the noise, & strong pressure pulse 1s indicated by a
dip in the sound record and corresponds to .the start of the continuous
interval of light emission (fig. 2(a)). The remainder of the sound
record is difficult to interpret because signals from vibrations of the
flame are probably mixed with those from mechanical vibrations of the
hood in which the experiments were conducted. The ignition-delay inter-
vals as determined by the electronic timer, the times of short flashes
and the starts of continucus flamee as indicated by the light-emission
records (fig. 2(a)), and the first strong pressure pulse from sound
records (fig. 2(b)) are shown in the following table:

Experiment Tgnition Time of . | Start of Start of
delay from short flashes,| first con- first strong
electronic millisec tinuous flame,| pressure
timer, millisec pulse;

millisec : millisec
1 24 25 ' 37 37
2 34 34 - 34
- 37 : 37 -—
3 38 38 38 36
4 35 35 i - -
- 38 . .. 38 38

The ignition-delay intervals as determined by the electronic counter
varied from 24 to 38 milliseconds, because the counter was stopped during
experiments 1, 2, and 4 by short flashes of light, instead of by the
start of continuous flame. The starts of the continuous flemes were in
close agreement, varying between 37 and 38 milliseconds, and these data
were accepted as the ignition-delay intervals.

2361
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Figure 3 shows oscillograph records for 30 percent xylidine plus
70 percent triethylamine with red fuming nitric acid at -87° P, and
represents a seriles of records which were more difficult to interpret
than those In figure 2. The light-emission record of experiment 1
shows short rapid flashes starting at B (114 millisec) and start
of continuous flame at C (128 millisec). The record of experiment
2, however, shows only a momentary wesk fleme at C and the gradusal
start of continuous flame at D (175 millisec). The record of exper-
iment 3 shows D %o be the start of a series of weak flames with
stronger flames occurring at E (330 millisec) and F (390 millisec).
In record 3, D was accepted as the start of ignition because it in-
dicates the start of a series of weak flames corresponding to the first
strong continuous flame on record 2. Figure 3 also shows unusually
large deviations between the light-emission records and the sound
records; the sound records were disregarded. Although occasiomally,
as in experiments 2 and 3 (fig. 3), selection of the ignition-delay
interval was somewhat arbitrary, the numerical dats in such instances
nevertheless indicate itrends.

The data of figure 3 also illustrate the fact that ignition in some
cases appears to be a periodic process. Variations in data may thus Dbe
a function of the fuel and oxidant used snd the extent of mixing. The
periodic process possibly may be affected also by surface conditions
and trace impurities.

RESULTS AND DISCUSSION
Fluid Properties of Fuels and Oxidants at Low Temperatures

The use of a liquid rocket propellant at low temperature may be
limited by either freezing or excessive viscosity.

Freezing temperature of acid oxidants. - Freezing, rather than
viscosity, limits the fiuidity of acid oxidents at low temperatures.
Approximate freezing temperatures of most of the acids used in this
investigation are presented in table I. Acids investlgated which had
freezing temperatures lower than -76° F were a mixed acid containing
29 percent sulfuric acid (MA-0-29), red fuming nitric acids containing
approximately 3 percent water and 16 and 19 percent nitrogen tetroxide
(RFNA-3-16 and RFNA~3-19), a white fuming nitric acid containing 9 per-
cent water (WFNA-9), and nitric acids containing 8 percent or more
water and potassium nitrate or perchloric acid WFNA—B(G-KNOs), WEFNA-
9(7-HC104), and WFNA-11(4-H0104)]. The acids also showed tendencies
to supercool, and it was possible to obtain lgnition-delsy data with
RFNA-3-19 at temperstures as low as -105° F. The tendency for these
aclds to supercool may constitute an emergency safety factor of
practical importance.
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Viscosities of fuels. - Kinematlc-viscosity - temperature data
within the range from 77° to -113° F for several aromatic amines, tri-
ethylamine, and blends of aromatic amines with triethylamine are pre-
sented in figure 4. The kinematic-viscosity and temperature scales are
similar to those recommended by the A.S.T.M. for use with petroleum
products. The data for each of the amine fuels are shown to fall close
to a stralght line, thereby following the relation (ref. 9)

log log (V +c) =A log T+ B

where

v kinemstic viscosity, centistokes -
c constant, ~ 0.6 to G.75

T absolute temperature, °Rr

A,B constants, functions of fuel

The blerids of secondary and tertiary aromatic amines were more fluid
(less viscous) at low temperatures than the corresponding blends of
primary amines. Eight blends are shown in figure 4 to have kinematic
viscosities less than 10 centistokes at '-40° F and less than 500 centi-
stokes at -105° F.

The blends, apparently, are nonideal solutions. If the solutions
were ideal, the kinemstic viscosity for a blend could be calculated as

v = 1
XA X
where
V,VA,VB kinematlc viscosities of blend, component A, and component B,
respectively, centistokes -

PAsPB densities of components A eand B, respectively
VasVp volume fractionms A and B, respéctively
Xp,Xp mole frections A and B, reépectively

For several blends, calculated and cbserved kinematic viscositles are
shown in the following table: '

2361
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Aramatic amine Percent aromatic Viscosity,
amine in centistokes
triethylamine 70° ¥ 40° F
Yolume Mole | Calcu~ | Observed |Ratio, Calcu- | Observed |Ratio,
lated observed | lated cbserved
calculated calculated
Aniline 50 60 0.96 1.72 1.8 -— —— —_—
o] 40 .72 1.07 1.5 ———— —— -——
o-Toluidine 50 56 0.90 1.57 1.7 ——— —— -—
30 36 .69 1.01 1.5 ——— ———— -—=
N-Ethylaniline 50 53 0.79 1.08 1.4 2.03 .7.40 3.7
30 32 .64 .81 1.3 1.52 3.40 2.2
N,R-Diethylaniline 50 47 0.74 0.98 1.3 1.84 3.75 2.0
30 27 .62 74 1.2 1.43 2.8 1.5
N,N-Dialiyleniline 50 44 0.72 1.08 1.5 1.74 4.92 2.8

The observed viscosities are higher than those calculated, especially
at low temperature, thereby indicating probable presence of complexes
between the components of the blends (ref. 10).

Ignition Study of Acid Oxidants at -40° F

Early in the investigation a 50 percent by volume blend of xylidines

in triethylamine (suggested by ref. 11) was found to be fairly fluid

at -40° F and ignited reproducibly with concentrated white fuming and
anhydrous nitric acids. This blend was therefore selected as a refer-
ence fuel to study the comparative ignitibility at -40° F of several
acids. Some of the acids were also investigated with a 50 percent by
volume blend of N,N-diallylaniline in triethylamine. The results of

this investigation of acid oxidants are shown in teble II.

Acids giving short ignition deleys. - As shown in the following
table, & mixed acld, several red fuming nitric acids, and white fuming
nitric acids containing 2 percent or less water gave short average
ignition-delay intervals at -40° F with the two fuels:
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Acid Approximate {Average ignition-delay interval at -40° R,
freezing millisec
temperature
of ecid, 50 Percent xylidine | 50 Percent
Cx in triethylemine N,N-diallylaniline
in triethylamine
MA-2-17 -68 28 : 27
RFNA-3-16 -82 3. . 28
RFNA-3-19 ~87 31 26
(10t 2)
RFNA-3-29 -88 3. .. -
RFNA-5-35 -- 3. : 51
NA(anh)-0-3 -45 34 17
WFNA-2 -45 42, 20

Effect of water in white fuming nitric acid. - With white fuming
nitric acids the average ignition delays of the two fuels increased
with increase of water in acid as shown by the following table:

2361

Acid Weter in Average ignition-delay interval at -40033
. acid, millisec
percent
by weight 50 Percent xylidine | 50 Percent
in triethylamine N,N-diallylaniline
. in triethylemine
NA(anh)~0-3 0.3 34 17
WFNA-2 1.8 42 20
WFNA-7 6.8 114 - No ignition
WFNA-S 8.7 No ignition | = ~eecmeme—aa-

Other acids containing 8 percent or more water, WFNA-B(G-KNOs),
WFNA-9(7-HC10,), and WFNA-11(4-HC104), did not ignite. Similer trends
were observed with NA(anh)-0-3, WFNA-2, WFNA-7, and WFNA-11(4-HC104) in
a 50-pounid-thrust rocket chamber (ref. 12).

BEffect of ammonium nitrate in white Puming nitrlc acid. .- The
acids WFNA-2(5-NH,NOz) and WFNA-2(10-NE,NOz), prepared by addition of
5 and 10 percent ammonium nitrate to WENA-2, were found to ignite 50 per-
cent xylidine in triethylemine with average delays of two to three times
those obtained with WFNA-2 alone. This may be the result of the suppres-
sion of nitronium (NO,*) and nitrosonuim (NOt+) ions by the nitrate iom.

The possible roles of N02+ and NOt i1s discussed in reference 13.
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Ignition by low-freezing acids. - A comparison of average ignition-
delay intervals at -40° F for several acidse freezing below -76C F
(-60° C) is shown in the following teble:

Acid Approximate | Average ignition-deley interval at -40° F,
freezing millisec
temperature
of acid, 50 Percent xylidine | 50 Percent
Op in triethylesmine N,N-diallyleniline
in triethylamine
RFNA-3-19 -87 31 26
(1ot a)
.| RFNA-3-16 -82 31 28
MA-0-29 -87 48 67
WFNA-9 -81 No ignition -
WFNA-8(6-KWO03) -96 No ignition -
WFNA-9(7-HC104) -78 No ignition -
WFNA~11(4-HC104) -91 No ignition -

Because of low Preezing temperature and short average ignition delays,
acids of the type RFNA-3-19 were used for further ignition experi-
ments at several temperatures.

Ignition Study of Fuels et -40° F

A study was made at -40° F to determine the ignitibility of several
fuels with representative acids having vigorous and mild ignition
characteristics, respectively. The fuels were first investigated, with
(a) mixed acid, inasmuch as references 1 and 2 show that mixed acid has
desirable low-temperature ignition characteristics, and (b) white fuming
nitric acid to show their ignitibility with e less vigorous igniting
acid. The scids MA-3-17 and WFNA-7 were used for most of these experi-
mentvs.

Several of these fuels were also investigated with two acids found
to have low freezing temperatures (table I), nemely, (a) RFNA-3-19,
freezing at -87° F and showing desirable ignition characteristics, and
(b) WFNA-9, freezing at -81° F. Tn preliminary experiments (table II)
WFNA-S was unsatisfactory as an igniting acid, but it may be a desirable
propellant on the basis of handling and is representative of white
fuming acids with freezing terperatures depressed by addition of water.
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Ignitibility of blends of aromatic amines in triethylamine. - As
shown in table III, with the mixed acid MA-2-17 blends of the aromatic
amines, aniline, N-ethylaniline, N,N-diethylaniline, N,N-diallylaniline,
o-toluidine, and xylidines, respectively, in triethylsmine ignited at
-40° F with most of the average delays between 28 and 48 milliseconds
and no average greater than 65 milliseconds. With the white fuming
nitric acld containing 7 percent water (WFNA-?), all the investigated
blends of aramstic amines in triethylamine (except 50 percent
N-ethylaniline and 50 percent N,N-diallylaniline, respectively) ignited
at -40° F with average delays ranging from 23 to 115 milliseconds.

Ignition of blends of aromatic amines in triethylemine by low-
freezing acids. - The investigation with low-freezing red fuming nitric
acids (RFNA-3-19) and low-freezing white fuming nitric acid (WFNA-9)
at -40° F (table III) showed that the blends of aromatic amines in
triethylamine ignited much more satisfactorily with the red fuming
acid; the average delays with RFNA-3-19 were between 20 end 55 milli-
seconds, but with WFNA-9 most of the ignitions were sporadic or d4id not
occur and the average delays were all grester than 100 milliseconds.

In these experiments blends of 50 percent aniline and 30 percent
xylidines, respectively, in triethylamine showed the most consistent
ignitibility with WFNA~7 and WFNA-9.

Effect of blending aromstic amines with triethylamine. - Not only
are blends of aromatic amines with triethylamine more fluid at low tem-
peratures than the aromstic amines alone (fig. 4), but in the case of
N-ethylaniline and N,N-diethylaniline the blends tended to show more
desirable ignition characteristics than either of the parent substances,
as shown in the following table:

Fuel, Average ignition-delsy intervel at -40° F,

percent by volume millisec

in triethylemine MA~2-17 RFNA-3-19 WENA-~7
N-ethylaniline . 51 No ignition No ignition
50 N~-ethylaniline 45 54 Sporadic
30 N-ethylaniline 48 36 105
Triethylamine No ignition 755 Sporadic
N,N-diethylaniline g0 Ko ignition No ignition
50 N,N-diethylaniline 35 © 42 33
30 N,N-diethyleniline 65 33 94
Triethylemine Fo ignition 755 Sporadic

2361
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Because of freezing temperatures higher than -40° F, the ignition
delays of pure primary aromatic amines were not determined in this
investigation, but trends may be noted in a comparison of ignition

delays at -40° F of several 30 and 50 percent blends of arcmatic amines
in triethylamine, as shown in the following table:

T9g2

Aromatic amine Aromatic Average ignition-delay interval at -4C0° F,
amine in millisec
triethyl-
amine, MA-2-17 | RFNA-3-1S9; WFNA-7 WFNA-9
percent
by volume
Aniline 50 33 27 44 102
30 38 21 23 380
N-ethylaniline S0 45 54 Sporadic Sporadic
30 48 36 105 Sporedic
N,N-diethylaniline 50 35 a2 33 Sporadic
30 65 33 94 Sporadic
o-Toluidine 50 36 27 42 Sporadic
_ 30 36 24 102 Sporadic
Xylidines 50 32 31 114 No ignition
30 42 31 78 119

These data show that at -40° F with mixed acid MA-2-17 +the 50 percent
blends of aromatic amines in triethylamine gave shorter average ignition
delays, but with low-freezing red fuming nitric acid EKFNA-3-19 +the
more fluid 30 percent blends gave shorter delays. No significant trend,

however, was found with acids WFNA-7 and WFNA-9.

Fuels causing explosions. - Three other fuels showed short ignition
delays at -40° F with nitric scids containing 2 percent or less water,
but, because they damaged the equipment with vigorous explosions, no
further Investigation was undertaken with this apparatus. These fuels
were blends of 70 percent furfuryl alcochol plus 30 percent aniline
(poor fluid characteristics), 56 percent furfuryl alcochol plus 24 per-
cent aniline plus 20 percent methanol, and o~-furfuryl mercaptan. The
a~-furfuryl merceptan has shown satisfactory lgnition with NA(anh)-O-3
and WFNA-2 at -40° F in a 50-pound-thrust rocket chamber (ref. 12).
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Tgnitibility of Blends of Aromatic Amines in Triethylamine
with Red Fuming Nitric Acid Within Temperature
Range 70° to -105° F

Ignition-delay characteristics of several blends of arometic amines
in triethylamine (table IIT) having viscosities less than 10 centistokes
at -40° F were investigated with low-freezing red fuming nitrlc acid
{RFNA-3-19) at several temperstures from 70° to -105° F and these dats
are shown in table IV. The reference fuel, a 50 percent blend . of
xylidines in triethylamine, was also Investigated at several tempera-
tures.

Effect of blending. - At several températures with RFNA-3-18 the
30 percent blends of several aromatic amines in triethylamine tended to
give shorter ignition-delay intervals than the 50 percent blends, as
shown in the following table: .

Aromatic amine Aramatic Average ignition-delay interval,
amnine in millisec
triethyl-
emine, 70° F |-40° F |[-76° F| -105° F
percent
by volume)
Xylidines 50 27 31 56 | mmcmmmme——-
30 19 31 49 No ignition
N-ethylaniline 50 35 54 74 875
30 26 36 61 664
N,N-diethylaniline 50 36 42 70 No ignition
30 24 33 160 No ignition

As has been previously noted, the same trend was shown for blends
of other arometic amines in triethylamine with RFNA-3-19 at -40° F.
The better ignltibility of the 30 percent blends is a practical advan-
tage because these mixtures also have lower viscosities than the corre-
sponding 50 percent blends (fig. 4).

Comparison of 30 percent blends of primary and secondary aromatic
amines in triethylamine. - Because of the lower viscosities of the
30 percent blends, more of these blends were investigated. A comparison
of the ignition delsys of several 30 percent aromatic blends in tri-
ethylamine with RFNA~3-19 at seversal temperstures indicates that the
30 percent primary amine blends tend to ignite more readily than the
30 percent secondary and tertiary amine blends, as shown in the follow-
ing teble:
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Arcimatic amine, Average ignition delsy with RFNA-3-19,
30 percent by volume- millisec
in triethylemine
70°F | -40° F | -769 F | -87° F -105° F
Primary
o-Toluidine 19 24 38 61 210
Aniline 21 21 37 108 > 1000
Xylidines 19 31 49 148 No ignition
Secondary and tertiary
N-ethylaniline 26 36 61 ~— 664
N,N-diethylaniline 24 33 160 - No ignition

0f the fuels investigated, the blend of 30 percent gftoluidine in tri-
ethylamine appeared to have the most desirsble ignition characteristics
at low temperstures. (The data obtained at -105° F were with super-
cooled acid.) .

Generalized temperature effects. - When Arrhenius type plots (log
of average delay against reciprocal of absolute temperature) are made of
the data for the aromatic anine blends (table IV), most of the curves
show sharp breaks in the region of -76° F. At temperatures higher than
about -76° F, the temperature coefficlents are small, suggesting over-all
activation energies from O to 2 kilocglories per mole. At lower tempera-
tures, however, the variation with temperature is much higher, indicat-
ing over-all activation energies in a range from 10 to 40 kilocalories
per mole,

A conjecture may be made that, at temperatures higher than spproxi-
mately -76° F, the ignition in the open-cup apparatus is limited only by
simple G. N. Lewis type neutralization reactions, in these cases, prob-
ably the addition of nitronium (NO,*) and nitrosonium (NOt) ions to the

fuel molecules. The suggestion i1s made in reference 13 that these reac-
tions are probably the first to occur because of their low activation
energy. These addition reactions, which are equlvalent to neutralization,
can furnish hest for subsequent reactions that require higher activation
energies. At lower initlal tempergtures, which under the condition of
these experiments occur below approximately -76° F, the possibility
exigts that other reactions or processes requiring higher activation
energies are rate controlling.

Emphasis 1s placed on the fact, however, that the transition tem-
perature (approx. -76° F) may apply only to the conditlons of these ex-
periments, since a transition at this temperature was not found in exper-
iments made at the Lewls laboratory in & 50-pound-thrust rocket engine
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using low-freezing nitric acids with 50 percent by volume N,N-dialylaniline
plus triethylemine (ref. 12) and 30 percent o-toluidine plus triethylamine
(ref. 14). The 50~-pound-~thrust-rocket experiments place even more confi-
dence in these fuels by glving shorter lgnition delays at very low tem~
peratures. The NACA cpen-cup apparatus 1s shown to be a severe test for
self ignitibility of rocket propellants st very low temperatures, and it
is possible that other aromatic eamine -~ triethylamine blends would show -
shorter delasys at very low temperatures in an engine than in this
apparatus.

1962, |

Aveilable direct comparisons (ref. 14) show that the mumerical delays
from the NACA open-cup apparatus break away from small-engine date as the
viscosities of the propellents became greater than about 20 centistokes.
Plots of log delaey against log viscosity for most of the fuels from teble
IV show bresks occurring over & range of 10 to 40 centistokes. The fact
that most of these breaks occur when the temperature is in the region of
-76° F suggests the possibility thet the breaks are associated with the
acid. Since the viscosity of the acid would be about 20 centistokes at
~-76° F (ref. 12) and the volume of acid is three times the volume of the
fuel, the criterion of approximate 20-céntistokes seems at present to be
as good ag any for estimating where numericel ignition delgys in the NACA -
open-cup apparstus depart from small-engine data. o

Blends of Aromatic Amines plus a~Furfuryl Mercaptan -

Experiments with blends of aromatic amlnes plus a~furfuryl mercaptan
(table IV) were discontinued because of inconsistent results probably
caused by chemical changes which were noticeable after the mixture stood
severgl dsys.

Practical Aspects

Low-freezing acid oxidants. - This work along wilith other research at
the Lewils laboratory and elsewhere has helped in a reappraisal of red
fuming nitric acid. New military specifications have been written for T
low freezing RFNA (ref. 15).

Low-temperature igniting fuels. - The fuels, which are indicated
herein to be fluid and to ignite at low temperstures, could become im-
portent in an emergency if more recently developed fuels were in short

supply.

SUMMARY OF RESULTS -

An investigation was made of the fluid properties and ignition-delsy
characteristics of approximately 90 ruel-oxidant cambinations at -40° F
and some of these combinations were investigated at several other temper-
atures within the range from 70° to -105° .F; the following results were
obtained:
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1. Several acids were determined to have freezing temperatures less
than -76C¢ F. Of these aclds, the red fuming nitric acids containing
approximately 3 percent water and 16 and 19 percent nitrogen tetroxide
gave satisfactory ignition with several fuels at -40° F.

2. Kinematic viscosities of aromatic esmines were reduced by blend-
ing 50 and 30 percent by volume aromstic amine in triethylamine. Eight
such blends had kinemstic viscosities less than 10 centistokes at -40C F
and less than 500 centistokes at -105° F. The blends were apparently
nonideal solutions.

3. At -40° F, 11 blends of 30 and 50 percent aromatic amines,
respectively, in triethylamine were found to give generally setisfactory
ignition with mixed acid containing 2 percent water and 17 percent
sulfuric acid and low-freezing red fuming nitric acid containing 3 per-
cent water and 19 percent nitrogen tetroxide (average ignition-delsy
intervals from 20 to 65 millisec). All but two of these blends ig-
nited with white fuming nitric acid containing 7 percent water with
average delays verying from 23 to 115 milliseconds, but generelly
sporadic ignition was obtained with low-freezing white fuming nitric
acid containing 9 percent water.

4, With mixed acid, red fuming nitric acid, and white fuming nitric
acid at -40° ¥, blends of 50 and 30 percent by volume of N-ethyleniline
and N,N-diethylaniline, respectively, in triethylamine gave shorter
gverage ignition delsys than the unblended parent components.

5. Comparisons of blends, respectively, of 50 and 30 percent by
volume aromatic amines in triethylamine showed that the 50 percent
blends gave shorter ignition-delay intervals with mixed acid (2 percent
water and 17 percent sulfuric acid) at -40° F, but with red fuming
nitric acid (approximately 3 percent water and 19 percent nitrogen
tetroxide) the more fluid 30 percent blends gave shorter deley intervals
at temperatures of 70°, -40°, and -76° F.

6. Low-freezing red fuming nitric acld (agproximately 3 percent
water and 19 percent nitrogen tetroxide) gave the followlng average
ignition delsys with 30 percent by volume blends of aromstic emines
in triethylamine (the acld had an spproximste freezing temperature
of -87° F and was supercooled at -105° F).
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Aromatic amine, Average ignition delay,

30 percent by volume nmillisec

in triethylamine

70° F |-40° F | -76° F |-87C F ~105° F

Primary

o-Toluidine 19 24 38 6l 210

Aniline 21 21 37 108 >1000

Xylidines 19 31 49 148 No ignition
Secondary and tertisry

N-ethylaniline 26 36 61 ——— 664

N,N-diethylaniline 24 33 160 ———— Wo dignition

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeramautics
Cleveland, Ohio, October 11, 1851
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TABLE I - DESCRIPTION OF ACTDS USED IN IGNITLON

2561

EXPERIMENTS

Cowposltion,
paraent by welght
Code demignation Approximate |Mitric [Sulfurls [Mitrogen | Waber, HeD Other Remarka
fr acid, nald totroxide, (by difTer-
sampgrature, | MO 880, K% | snga)
MWixed acidm

MA~5-15 —_— 80.0 15.3 —— 4.7 rreparsd from ch ully purs white foming ndtrile
asld and olwum (ref. 2).

MA-2-17 =88 8L.5 17.1 e 1.8 g ————— Prtplrad from commeroisl white fuming nitrlao acid
recalved from marmfacturer in giass bottlas)
and chegloally oleum.

MA-4-17 -——— T ok 18.7 e 3.8 e ————— wmemne | A cOmmersial mixed acid supplied by Buresu of
(Mrnm;.iu. Dapartment of the Navy
ref'. R).

HA-0-29 gy 7.0 £29.0 —— —— mememmecmceam e ————= | PreDared Crom ial white fuming nitrioc acid

alumibum ard chewdoally pure oleum,
Componition caloulated.
Red fuming ndtrla aclds

RFHA-5-18 -£2 00.8 —— 15,8 5.4 ——————— e P!‘h‘pl.‘l'.? by mixing commeroial whita fuming nitarie
aoid (plumimam drum) end okamlcally pure red
l.'uu.ns pitric mcid,

TMA-3-19(1ot a) -7 78,0 —_— 19.0 3.0 T ———— Prapared. by un.snn commaroisl ashydrous nitria aoid
(adumimm drum) and chemioelly pura red fuming
vdtrie mold.

(1ot b} =87 78,8 —_— 18.8 2.7 e mm——— === | Prepared in oame menner as lot a,

(1ot a)} -87 76.8 e 15,0 2,8 | mmmrmm————— ———————- | Prepared by slow additlon of water to ohswloally
anhydrous red fuming nltrlc asld at low
rature.

APA-Y-E9 =68 57,8 — £9.2 3.2 A chemically purs red fuming nitric apcid,

RPHA-B-36 — §0.1 —— 34,7 6.2 A chemioally purs red fuming nlirie aeid,

Wiits Tusing mitria acids o )

HA{snh)-0-% 45 87.1 — 2.0 N 0.3 e e e e s =« | A comseroinl acid supplied in an aluminum dmm, bup
stared in pyrex shortly after recaipt,

WPRA-2 =45 97.7 =-rreerr 0,8 1.8 e eee———— | A ?ommoiul acid rupplied and stored in an Aluminum

WINA-? -39 5.0 — 0.2 8,8 | wmmeem—— b e A ahunial:l.:l.; pure anid atored about 2 yesrs 1n soft
glass bottlen.

WINA-9 =81 1.1 — 0.2 8,7 e m——————————————— | PT by olow atldition of wnbtor to WFNA-T at

P. Oomposition caloulated,
Aolds contadning nitrate salts S

WINA-2(5-NH WOy} -E4 02,8 o 0,5 1.7 5.0 sasmonium nitrate | Prepsrad by dissolying ammonium nitrate in WFNA-R.
Composltion calonleted,

WRHA-2({10-NHLHOs) b_gs 87.9 ———— 0.5 1.8 10.0 ammonium nitrete | Preparsd as sbove. Composition oalonlatsd.

WRA-B(B-KN0y ) -6 as,9 — 0.k Te7 §.0 potasaium nitrate | Prepared by mddition of potassium nitrzate mnd water
to commerolsl whita fuming nitrie acid. Com-
popition caleculated.

dolda eontaining perchloric maid
mn-s(v-mo‘) =78 a5.9 — 9.4 9,0 8.7 perchloric mnld Prepared by aldibion of 70 pervent perchloria amaid
. and weter to commeralal whibe fuming nitric acid.
Componltion salonlated.
WFHA-11(4-R010, ) 01 08.0 [ 0.4 10.5 4.1 perohloric pold | Preparad as sabove. Composition calpulated.

iputa of” ref. 18,
bﬂmtu‘ pertlion of so0lids pelted as tauperature inoraised to -81° r.

S3clorless mpluticn indicmtss nitrogen tetroxide - nitrogen dioxids not prsssnt in fres

ostate.
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TARLE II - IGNITION STUDY AT -40° F OF SEVERAL NITRIC ACID OXIDANTS WITH TWO 50-50 (BY VOLUME)
BLENDS OF AROMATIC AMINE PLUS TRIETHYLAMINE
[DAA, N,N-diallylaniline; Ty, approximate freezing temperature, °F.]

Acld cxidant Fuel In Number Ignition-delay Interval at -40¢ F,
composition, triethylamine, of millisee
percent by weight 50 percent trials [bata polnt represents a.vera.ge]
by volume “ho 40 60 100 200 400 80O 1000
Mixed aclds
Mp-2-17 (Tg, -68) Xylidines o O
81.5 HNO5-17.1 Hy30,-1.6 H,0 DAA 4 O
MA-0-29 (T, -87)% Xylidines 4 O
70.7 HNOz-29.3 HnS0,P DAA 3 g
Red fuming nitric acide
RFNA-5-16 (T,, -82) Xylidines 4 ——
80.8 HNOz-15.8 Ny04-3.4 Hy0 DAA 4 O
RFNA-3-19 (lot a)(Tp, -87) Xylidines 5 O
78,0 HNOz-19.0 N0y-3.0 HpO DAA 4 — 0
RFNA-3-29 (Tp, -68) Xylidines 3 -0
67.6 HNOz-29.2 Np0y4-3.2 Hp0
RENA-5-35 Iylidines 4 O
60.1 HNOg-34.7 Np0y-5.2 Hp0 DAA 4 D

1922

22
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400 60Q 1000

White fuming nitric acids

Ra{anh)-0-3 {Tp, -45) Xylidines 16
97.1 HNOs—Q.B NEO‘—O.S 1‘120 DAA 4
WFNA-2 (Tp, -4B) Xylidines Sg
97.7 HNOz-0.5 NpOy~1.8 Hp0 DAA 6
WFNA-7 (%p, ~68) Xyiidines ]
93.0 HNOz-0.2 N,0,-6.8 Hy0 DAA 2 No 1gnttion —m
. . L L
WFNA-8 (Tp, -81) Xylidines 2 © ilgnitlon —
91.1 HANO3~0.2 NpOg4-B.7 HpQP
Speclal saclds
WFNA-2(5-NH NOg) (Tp, -E4) Xylidines 3 D
92.8 HNO3-5.0 NH4NOs
~0.5 Np0g-1.7 HpoP
WPNA-2(10-NHNOg) (Tp, -23) Xylidines 4
87.9 HNOz-10.0 NE4NOx
-0.5 Np0;-1.8 Hz0P
WFNA-B(6-KNO3) (T, -95) Xylidines 2 No ignition—
85.9 HNO=-6.0 KNOx
-7.7 Hp0~-0.4 NoOg4
WFNA-9 (7-HC104) (Tg, -78) X¥ylidines 2 No lgnition-—=
83.9 HNO3-6.7 HC104-9.0 Hn0P
WFNA-11(4-HC104) (Te, -91) ¥ylidines 2 No ignition—-

b
85.0 FNOz-4.1 EC10,-10,5 Hu0

3pata from ref. 16.

Pealculated approximate composition.

STgnition delays from electronle timer only.
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TABLE ITI - IONITION STUDY AT -40° F OF VARICUS FUBL3 WITH SEVERAL HITRIC ACID OXIDANTS

[Synbols for meld oxidants are designated in table I;
at ~40° P, centistokea]

¥, lkKinematic viscoslty of fuel

Fusl,
paroent by volums

Acild
oxidant

Number
of trial=

[0

Ignition-delay interval at ~40° F,

20

bete point re
&0

€0

mllliseo
00

presents average]
200

400 600

Aromatic and eliphatic amines

50-Anilinal - SO-tr!.ethylanina

7, 30.1)

[
—

N

-

H—

30-Aniline ~ 70-triethylamine
r, 8.45

MA-2~17
AFNA-3-19(1ot
WFHA-T

JWFNA-9.

a)

D
O-

(Heak

3
1

N-Ethylaniline
( ¥, “)

MA-2-17
RFNA-3-19 (1ot
WFNA-7

e)

Y

50—]!—3&:1&11.1.1111& - 50-triethylamine
(v, 7.39)

WA-2-17
RPNA-3-19(1l0t
WiNA-7
WFHA-9

2)

{3

-

of

ignited)

{1

Lgnited

SO-N-Ethylani?’.ine - 7(\)—trleth¥lu.miue

(¥, 3.40)

WA-2.17
RFNA-3-13{10%
WENA-7
WFNA-9

é)l

(3

‘N, N-Diethylantline .., . . . .|]

(», 37.5) o ! ;

SO-N, H-Diethylaz(ﬁ.lige _’-5» ) 50-triethylamine
LV, D)

MA-2-17
RINA-3-19{10t
WENA-7

a)

WA-2-17
RPNA-5-18(1lot
WFHA-7

WFNA-9

)

30-N,N-Dlethylaniline - 70-trlethylamine
(U’ 2.18

MA-2-17
RFNA-Z-19(1ot
WENA-7

WFNA-S

$T9,.0

50-N,N-Diallylaniline ~ 50-triethylamine

a A GBY
\F meddy

L+
——

4!
™

No ignitfen—

50-0~Toluldine - S0-trizihylamine
(v, 19.8)

{3 0of 44

gnited)

50-o~Toluidine - 70-trlethylamine
{», 5.69)

HA-2-17
RPRS-3-19(1ot
WFNA-/ .
WIRA-2

a)

A ] B S OO i e OO e ) rormg o) e~

(3 of 4
I

Agnited)
I

! 11
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CM-4 2361
I 4 1 ] *
1o 20 40 80 100 200 400 600 1pQO
50-Xylidines - BO-triethylamine MA~2-17 [3 ~
, 17.5) RFNA-5~13(1lot h) 5 O
WFNA-7 8 HO—(Weak) ]
WFNA=9 2 ) No ignitionl .|
30-Xylidines - 70-tristhylamine MA-2-17 4 O—t—
(r, 4.85 RAIA-3-19 (1ot a) 7 ~|P—
WFNA-7 4 ) (Weak
WRNA-S 4 - (Weak)
Orude monoethylaniline MA-2-17 ag
¥ 90¥ WI'NA-T7 2 No 1 tlon —e
Tristhylamine MA-2-17 2 No isn:l.ticn'_.l
(r, 1.135) RFNA-3-19(1lot a) 2
WENA-7 2 {Lor2 :I.snited;
Diethylenetriamine MA-2-17 &y o J l
WPNA-7 2 .on—h{
Migcellanacus fuals ’—[ |T
70~-Furfuryl %lqohol). ~ 30-xylenes m»(-m?_o :7 D—
», 51 NA -3 7 Jep—
’ -7 % N {7 0t 8 senitad
Tetvaliydrofuran WA-2-17 a2 (1 of 2 lenited)
WENA-T7 2 No Ignition_..
5-Nercapto-1-propanol, MA-2-17 a4 e1.or—l
Mixed butyl merocaptans MA-A-17 &g O-
s it o 19;&;11:@%
Allyl glycldyl ether MA-2-17 B4 {3 o ign
¥, 6,16
2-Mathyl entadienea oonteined inhibitor)| MA-2-17 ay e
P {¥, .5 ) WERNA-7 2 No ;,Ezilt{qn'_.-
50-2-Methylpantadisensa - BO-n-hsptane MA-2-17 2 ¥o _'*,,__ﬂm* 11 on—
2,2,4,6-Tetramethyldihydropyridine MA-P-17 ay OH—‘—I";H—'
o (w 26.7) WFNA-" 4 No ignibion—
1-Vinyleyelohexens -3 MA-2-17 2 No ignition—=]
WiNA-2 : No ignttion—e
Gum turpontine MA-5-15 a3 -1t FTTTTH
(¥, 8.8) RFHA-3-18(lot ¢) 2 No ignition—]
JA-2 [ No ilgnitiol
by
4

Hydragine hydrata

MA-5-15
WENA-2

No fgnision

Ne ignition—.

%Data from eleatronio timer,
Temperature, -4° F.

¥88% NL VDOVN
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TABLE IV ~ STUDY AT SEVERAL TEMPERATURES OF VI3SCOBITIES AND IGNITTON CF VARI(US FUEL BLENDS WITH LOW-FRERZING RED FUMING NITRIC
ACIDS CONTAINING APPROXIMATELY 3 PERCENT WATER AND 19 PERCENT NITROGEN TETROXIDE

[A11 1gnition data are with RFNA-3-19(lo% e_;.)’
X -8

except ma noted and all acids had freezing temperature of approximetely
F and wera supercooled at -105° F.]

v Fuel, Temperaturs,| Pual Numbar Ignition-delay interval
ercant by volume op IKdnematic of trials willisec
r- viscoplty (bata point represents average]
\rlg. 4),
l sentlstokes
10 20 40 60 100 200 400 600 1000
Privary aromatic smines in triethylamine
50-Anlline 70 1.07 By g
-4&0 8.5 [
-78 45.0 4 o
-87 95.0 6 e —
’ - - - ~105 - 480.0 2. . &
S0-o~Toluddine - .+ ¢ 70 1.0l ad
0. . X 40 5.7 & -0
-T78 18.5 4 e
-87 34,0 4 J)ﬁ-{ —J
~105 110,.0 & H
50-Tylidines 70 1.52 B4 —O
—&0 17.5 5
_76 158.0 8 - =
&,
30-Xylidines 70 0,86 &
Tl —40 4,9 by -‘)—T
-76 18.0 5 _cr_
-B7 27.0 6 —O— J1
-105 80.0 i W ignicivn-e

92

7888 NI VOWN




OM~4 beck ) T e3eL

1Q 20 40 60 100 200 400 8 1000

Sesondary and tertiery sromatic aminse In
triethylamine

50-N~-Rthylaniiine 70
-40
-78
=87

=105
50-N-Ethylanlline 70

~-18
=87
=105

§0-N,N-Diethylaniline 70
-40
-8
-87
-105

[<:]

t
P~
. wy

Qoo

B
4
12

..
)

LA

1

w

Hu|ocowow| DorReD

{ B e e i we®
]
(51
|

Bhouwo

| ]

50-N,N-Diethylaniline 70

o~
2EL
K
T

Q

-76
-R7

-108

50-X,N-Diallylaniline 70
40
-76
-87

-105

e
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Figure 1. - Ignition-delay apparatus.
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(a)} Light-emission records.
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(b) Sownd records.

Figure 2., - Oscillograph records of light emission ernd sound from ignition of & blend of
30 percent anlline plus 70 percent tristhylamine with RFNA-3-19 (lot a) at ~-76° F,
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Flgure 3. - Osclllogreph records of llght emission and sound from ignitiom of a ‘blend. of
30 percent xylidine plus 70 percsnt tristhylemine with RENA-3-19 (lot a) at -B87° T,
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Figure 4. - Kinematic viscosities of aromatic amines, trlethylamine,
and blends of aromatlic amines Iin triethylamine as functions of
temperature. (Coordinate scales similar to those recommended by
A.S.T.M.; see ref. 9.)



32

Kinematic viscosity, y, centistokes

1000

500
400

200

100
75

50
40

20

10

2.0
i.8

1.6
1.4

1.0
.9

.8

NACA TN 3884

>
AN
\\
N N
NN
N N .
%\ \\\ \\ L'\\\\ N\
h N
NN N N
N [N N
X S
\ \ \ \\ N
™, -~ ~
[N A N AN
=~ N AN MY
N A AN )i N
\ ] \\\ \\ \\ 3 N \‘
N \\\\V \, NUEEN
\\ \;\ \ \\ Ref. 17 \
AN \\<>\‘ \\\ \\ N
A Q'\ \\ \\ \\ N
N NEANRSN \“o
N N NN \
\\ e \ NN Ref. 17 _
LN AN N, 2\ AN
hY N N\ N N\,
RN h NI O
N N\
IN N N N
\\ \ \.\
NOTNC NI
~ \
N ANER AN
N N \\ ™
N, NERNERN
Ref. 171857 RERN LYy
[ N, N \\
- L Aromatic amine, N NN
percent by volume ° N S N
I ’ in triethylamine . < - - -
. O———— 100 N-Ethylaniline "
- p—— 50 N-Ethylanlline ~
|  <——— 30 N-Ethylaniline N
O=—————- 100 N,N-Diethylaniline \
| $————-—— 50 N,N-Diethylaniline N
Ny —————— 30 N,N-Diethylaniline ~
| —— 100 N,N-Diallylaniline
p— 50 N,N-Diallylanilirie
~
N——--——  Triethylamine L Ref. 17}
-120 T-100 -80 =60 -40 , -P0 o} 20. 40 60 80 __

Tempersature, °F

{b) Secondary'an&h tertiary amines.

Figure 4. - Concluded. Kinematle viscositles of aromatlic amines, tri-

ethylamine, and blends of aromatic amines in triethylamine as func-
tions of temperature. (Coordinate scales similar to those recom-
mended by A.S.T.M.; see ref. 9.)
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